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We can’t manage  

               what we can’t measure … 

Improved accounting of current water use and crop 

water productivity 

Monitoring changes in water use with changing 

climate, land-use and population 

Improved hydrologic monitoring (flood, drought, 

runoff) to better cope with extremes 

Facilitate design of climate adaptation strategies 

 

 

WATER ACCOUNTING AND FOOD SECURITY 
A

p
p

lic
a

ti
o

n
s 

fo
r 

sa
te

lli
te

 E
T 



A
p

p
ro

a
c

h
e

s 
to

 m
a

p
p

in
g

 E
T 

soil evaporation 

Root uptake 

infiltration 

drainage 

PRECIPITATION 

 transpiration & 

        evaporation  

Rootzone moisture 

Sfc moisture 

Soil hydraulic parms 

Veg stress parms  

 

Bare soil evap parms 

Soil moisture 

holding capacity 

Root distribution parms 

Given known radiative energy inputs, 

how much water loss is required to keep 

the soil and vegetation at the observed 

temperatures? 

runoff 

WATER BALANCE APPROACH 
(prognostic modeling) 

SURFACE TEMPERATURE 

TSoil 

Tsoil & Tveg  

 transpiration & 

        evaporation  

soil evaporation 

Tveg 

ENERGY BALANCE APPROACH 
(diagnostic modeling) 
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Landsats 4,5,7 – visible, near infrared bands: vegetation amount 

EXPANSION of IRRIGATION 



Landsat 8 – thermal infrared bands: vegetation status and water use 

10.8 µm Brightness Temperature [C] 12.0 µm Brightness Temperature [C] 

Close-ups of 
growing and non-

growing fields 
~0.5 km 

CONSUMPTIVE WATER USE 
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Hourly 

Daily 

1 LS – 16 day 

2 LS –   8 day 
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field scale 
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… Daily ET at field scale 

ET DATA FUSION and VALIDATION 



GOES/MODIS/Landsat FUSION 
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Landsat 5 Landsat 7 

(Gao et al, 2006) 

Spatial Temporal Adaptive Reflectance Fusion Model  

(STARFM) 

Daily Evapotranspiration – Orlando, FL, 2002 
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(Gao et al, 2006) 

Spatial Temporal Adaptive Reflectance Fusion Model  

(STARFM) 

Daily Evapotranspiration – Orlando, FL, 2002 
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R2:    0.83 

 (9% error) 
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SMEX02 
Soil Moisture Experiment 2002 

Ames, Iowa 
Rainfed corn and soybean 

BEAREX08 
Bushland ET and Remote sensing Experiment 2008 
Bushland, Texas 

Rainfed and irrigated cotton 

MEAD 
Ameriflux site (S. Verma) 
Mead, NE 
Rainfed and irrigated corn and soybean 

4 km 

SMEX02 
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1.08 MJ m-2 d-1 

8% 

MAE: 

RE: 
1.3 MJ m-2 d-1 

10% 
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Rainfed soybean – SMEX02 (Iowa) 

Reference ET 
Observed ET 
Landsat retrievals 
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Rainfed soybean – SMEX02 (Iowa) 

Reference ET 
Observed ET 
Landsat retrievals 
Landsat-only  
 

RAIN 
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Rainfed soybean – SMEX02 (Iowa) 

Reference ET 
Observed ET 
Landsat retrievals 
Landsat-only  
Landsat-MODIS fusion 
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Rainfed soybean – SMEX02 (Iowa) 
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BEAREX08 MEAD 
Unirrigated cotton 

Irrigated cotton 

Irrigated corn 

Unrrigated corn 
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… Monitoring Drought 

APPLICATIONS FOR SATELLITE ET 



S
a

te
lli

te
 E

T 
D

ro
u

g
h

t 
In

d
ic

a
to

r 

Atmosphere-Land Exchange Inverse Model (ALEXI)   
(Anderson et al., 1997, 2007) 
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DROUGHT: 2010-2012 
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2012 FLASH DROUGHT 
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hrsl.arsusda.gov/drought 
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GOES – West  
(Pacific) 

Copyright 2008 EUMETSAT 

GOES – East 
(Atlantic) 

Geostationary Operational Environmental Satellites 



N
o

rt
h

 A
m

e
ri
c

a
n

 E
S
I 
 

ESI ESI 

GLDAS-2 SM GLDAS-2 SM 

AUG 2002 AUG 2007 

Standardized anomalies (s) 



FLUXNET (Daily ET) ALEXI (Clear-sky midday ET) 

Wm-2 
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… Monitoring in MENA region 

APPLICATIONS FOR SATELLITE ET 
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Indian Ocean 
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Daily Evapotranspiration 
9 February 2008 
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Average ALEXI ET (MJ m-2 d-1)  Average ALEXI ET/PET 



MONTHLY AVERAGE LATENT HEAT 



2009 FEBRUARY 

Average ALEXI ET  Average Noah ET 

(MJ m-2 d-1) 
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2009 FEBRUARY 

Average ALEXI ET  Average Noah ET 

(MJ m-2 d-1) 

ALEXI 
NOAH 
MOD16 
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LEALEXI 

VARALEXI 

Hain, et al. (2014) 

Monteith Symposium, 5 November 2013 
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ESI 
6 months 
(July 2011) 
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African Monsoon Multidisciplinary Analysis (CNRM, CESBIO) 

BENIN 

NIGER 

MALI Flux towers 



2007 NOVEMBER 

(MJ m-2 d-1) 

Inland Niger Delta, MODIS  



2007 NOVEMBER 

(MJ m-2 d-1) 

Lake Chad and Logone floodplain, MODIS  
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MONTHLY AVERAGE LATENT HEAT 
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Erosion potential 

Sediment loads 

 

Land-use planning 

Resilient cropping systems 

 

   

 

Water use/availability 

Drought and flood monitoring 
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USDA is an equal opportunity provider and employer. 

Satellite Evapotranspiration 

Monitoring water use at field to continental scales 

Land-surface temperature conveys early warning of 

vegetation stress 

Independent check on precipitation-based drought 

indices 

Applications in global water and food security 

 

 

 

hrsl.arsusda.gov/drought 
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Dewpoint depression 
Wind 
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Accum precip anomaly 
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